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A.V. Volkov, A.V. Loukjascbenko, V.P. Saltykov

Central Scentific-Research Institute for Machine Building,
141070, Pionerskaya4, Korolev, Moscow Region, Russian Federation
the antennas miniaturization. Ferroelectric and
planar antenna technologies are among the said
ones. The ferroelectric antenna technology
provides minimization of an antenna system,
operating in 10 MHz.. .lGHz band, and the
planar antenna technology provides the
minimimum volume of the antenna, operating in
2.5 GHz-frequency band and higher.

l.Abstract

This paper is devoted to the new technologies of
antenna system miniaturization and those
technology
implementation
in
space
telecommunication and Earth remote sensing
systems - for spacecraft, ground terminals and
stations. Nowadays, an ability to transmit data
bulks, generated by onboard equipment,
becomes one of the essential performance of
satellite system specifications. The conventional
ways to solve the said problem result in increase
of the weight and sizes of an antenna system,
increase of the requirements to a power supply
system, decrease of the width of antenna pattern,
etc.

Thus, the application of new technologies will
provide minimization of antenna sizes really in
the whole range of operational frequencies used
for transmission and receiving of the Earth
remote sensing data, satellite TV broadcasting
and communications. Here, the authors
consider the following antenna systems for:
«space-to-ground» radio link, meteorological
and ecological small ground receiving stations,
satellite TV broadcasting and telephony, data
relay systems ("satellite-to-satellite", "satelliteto-relay satellite"), etc.

The backlog in the technology of planar (flat)
phased antenna arrays is a good basis for
development of small-sized antenna systems.
The authors managed to avoid a series of
conventional disadvantages of the planar phased
antenna arrays.

Nowadays, the ability to transmit data bulks,
generated by onboard equipment, becomes one
of the essential performances, required in
satellite system, in particular, having on board
multispectral instruments of high spatial and
spectral resolution. Actually, space information
systems of all types face the problem of high
transmission ability, in particular, it is essential
for telemetry systems, commonly used for a
great deal of additional data transmission. The
telecommunication systems must be also able to
provide large and high-rate data flows.

The
small-sized
ferroelectric
antennas
technology is among advanced directions of
antenna system development. The weight and
sizes of ferroelectric antennas are smaller than
those of the conventional ones in some an order
of magnitude. This technology implementation
in spaceborne planar phased antenna arrays
would rise their efficiency.
The possible applications of both planar and
ferroelectric antennas in onboard and ground
systems of space information
transmitting/receiving have been considered.

There are different ways to meet the said
requirement: on the one hand, one can increase
the power of a transmitter, on the other hand,
one can increase the sizes of an antenna system
or use an un-common technology.

2.Introduction

The miniaturization of spaceborn and ground
antenna systems is a key technology of space
systems for telecommunication and Earth remote
sensing, and also ground terminals.

Use of high-power transmitters results in both
higher weight of a radio facility and higher
requirements to a satellite power supply system
that, in its tum, results in an increasing
spacecraft weight. In this connection the second

At present, TSNilMASH with its cooperation is
developing a number of technologies aimed at
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way is more preferable in use, when some
increase of an antenna gain results in increase
of the antenna sizes only without additional
requirements to power supply sistems.

way forming an array of 16 (4x4) elements. An
inefficient use of the array aperture is a
disatvantage of the design. It is caused by the
shape of radiators and results in reduction of the
gain.

A current common approach to increase of an
onboard (or ground) antenna gain is based on
the use of a parabolic antenna dish, having the
specified sizes of aperture. Actually, the
parabolic dish is a complex system, occupying a
large volume of space. That fact causes an
on board parabolic dish to be frequently made
modular and deployed in orbit. However, a
certain success has been achieved in the field of
planar (flat) phased arrays technology, allowing
to create such an antenna system that requires a
space volume in one or two orders of magnitude
smaller than for a parabolic system. The said
technology is a good basis for creation of a
passive planar phased array for geostationary
satellites, and also - in case of low requirements
to the array gain - for LEO satellite operations.

There is another close engineering solution of a
planar microwave array [2]. That array consists
of two conductive plates. In the one of the
plates there are through round holes to form
outward-directed horns. In the second plate,
there are cavity resonators whose inputs are
directed toward the horns and overlap the
through holes in the bottom the horns. Between
the plates there is a substrate with a metal strip
of a symmetrical feed line, containing microstrip
feed elements of radiators. The array includes a
waveguide adder in its structure. The described
engineering solution has some disadvantages, as
follows:
• radiators impossible to be located closer to
each other owing to their circular shape, so an
effective usage of the whole antenna aperture is
impossible;
• only one common waveguide input results in
significant losses of power in high-resistance
microstrip transmission lines and large arrays; it
also complicates a transmission line technology;
• complicated manufacturing of a radiating
aperture results in a high total cost of an array.

However, increase of an antenna gain causes an
essential decrease of the half-power beam
width. It is acceptable for a geostationary orbit
operations, while in case of a LEO satellite it
requires to support a data source tracking. The
said problem raised already during organization
of operations through satellite transmitters. In
the well-known experiment with a pencil-beam
antenna the tracking (scanning) was mechanical,
provided by a bulky hardware. Such a system if
mounted on a mid- or small-type platform
causes some problems in use. Therefore, it is
necessary to search for the solutions, allowing
to reduce seizes of an antenna, on the one hand,
and to provide electron (with no or minimum
mechanical) scanning, on the other hand.

3.Planar antenna systems

Below, an antenna system for future
applications
is described. The system is
proposed by the authors for use in space
industry. There is an antenna configuration [3]
which provides solution of the design problems
of onboard and ground antenna systems. That
engineering solution provides:
• increase of the antenna aperture efficiency;
• improvement of matching in an operation
frequency band to reduce losses of power in
high-resistance transmission lines;
• reduction of the total cost due to simple
manufacturing of printed radiators.
In essence, this antenna system is a planar
microwave array which contains two printed
dielectric plates, on the one of them there are
radiators, on the other one there are vibrators, a
microstrip feed, and also a waveguide adder.
The dielectric plates with radiators and vibrators
are separated with a dielectric layer from each
other. The antenna array is made of identical
subarrays, each of them has at least one output

The knowledge and experience, gained in the
technology of planar phased arrays, allow to
create small-sized antennas sysnems including
antennas with electronically-scanned beam.
At present, there is a planar array [1] that is a
superposition of a pair of elements with a
printed-circuit antenna feed. The antenna array
structure has a modular design. Each module
consists of a central dielectric plate with
microstrips and two metal plates, located above
and below the central one. Both of the latter two
have coaxial apertures (radiators), equally
spaced on the surfaces of the plates and in that
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on a strip-line waveguide adapter. The
waveguide inputs interconnection is realized
via waveguide adders-dividers, placed from the
outer side of the plate with vibrators. That side
is covered with a metal layer (plated). Figure 1
shows the layout of the described antenna
system.

Fig.2

The analysis of experimental results has shown
that the submitted antenna system technology
provides the operational band from 5 to I 0 % of
an operational frequency and the antenna
aperture efficiency not less than 50 %. After
some experimental adaptation of the technology
the operational band can be achieved up to 15 ...
20 % of the operational frequency. The antenna
can be easily transposed in other operational
frequency bands.

4.Ferroelectric antenna systems
Samples of small-sized antenna with application
of an advanced ferroelectric antenna technology
[4] have been developed and manufactured in
TSNIIMASH. The ferroelectrical material
applications in the antenna technology allows to
reduce the sizes and weight of an antenna in
~ 10 times, in comparison with conventional
antennas. It will provide more simple
engineering solutions. The ferroelectrical
technology
implementation
resulted
in
possibility of small elements creation for the
spaceborne phased small-sized antenna arrays.

1 - element of a rotary support; 2, 3 - doorknob
transformer; 4 - coaxial cable; 5 - waveguide; 6 wave converter; 7 - the array basis; 8, 10 dielectric circuit printed plates; 9 - dielectric
separating plate.
Fig.l
Today, three test samples of the antenna have
been developed and manufactured to provide
reception of satellite TV programs and one - to
receive the cellular TV broadcast signals. The
system appearance is shown in fig. 2. Figures 3
and 4 show standing-wave ratio and antenna
gain vs. Frequency, respectively. Figures 5 and
6 show the antenna power patterns for both
satellite and cellular TV broadcasting,
respectively. The characteristics samples of
satellite antenna systems and cellular TV
broadcasting are shown in table 1.

The receiving TV aerial antenna is an example
of a small-sized ferroelectrical antenna. Such
type of antenna can be made both in passive,
and active configurations. The design of a
passive antenna system is shown in fig. 7 The
receiving TV aerial antenna is an example of a
small-sized ferroelectrical antenna. Such type of
antenna can be made both in passive, and active
configurations. The design of a passive antenna
system is shown in fig. 7.
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Characteristics
Frequency, GHz
Gain, dB
VSWR
Polarization
HPBW, deg.
Sizes, mm
Weight, kg

Satellite antenna systems
11,7 ... 13,0
> 30
< 1,5
left-hand
5
#1 - 350x350x15
#3 - 330x330x15
2,5

4

Table I
TV broadcasting antenna systems
12,75 .. .13,25
> 26,4
< 1,45
left-hand
7
#2 - 175x175x15
#4 - 175x175x15
1,0
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Fig.6

5. Conclusion

Submitted in the paper, the engineering
solutions provide the reduction of weight and
sizes of an antenna system in some one-two
orders of magnitude,
The essential feature of the submitted planar
antenna systems is their ability for an easy
transposition in any region of operational
frequencies.
1 - ferroelectric, 2 - radiotransparent cover,
3 - radiotransparent body, 4 - antenna support,
5 - spherical support, 6 dielectric spacer,
7 - metal screen, 8 - metal rod.
Fig. 7,

The small-sizes in combination with high
operational performances of ferroelectric
antennas provides a good opportunity for their
wide and efficient application in mobile stations
for
space
information
reception
and
telecommunications.

The performances of ferroelectrical antenna
system are shown in table 2.

Frequency, MHz
Gain, dB
VSWR
Polarization
Dimensions, mm
Weght, kg
Pattern

The
planar
and
ferroelectric
antenna
technologies will provide a higher operational
performances and cost efficiency in their
applications for space information systems (both
on board and ground).

Table 2
50 ... 600
-5 ... -2
2.5 ... 5
Linear
H=45. D=56
<0.2
Omni-directional
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